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S u m m a r y : In this study the number of stomata per unit area and dimensions of the stomata were 
determined in 15 important Turkish grape cultivars which were 20 years old and grafred on Kober 5 BB 
rootstock. Number of stomata per mm2 of area varied from 129 = 18 to 254 = 10, stomatallength ranged from 
22.6 = 2.6 11m to 28.3 = 4.3 Jlm, and stomatal width from 13.6 = 2.2 11m to 18.6 = 3.2 11m among cultivars. The 
cultivars. having minimum and maximum number of stomata per unit area were Baibai and Pembe Gemre; 
Erenköy Beyazi and Müsküle bad minimum and maximum Stomata size, respectively. Cerrelations between the 
number of Stomata per unit area and the stomatallengrh (r= 0.100), and width (r = 0.184), and between the 
stomatallength and width (r- 0.493) were not significant among cultivars. 
On the other band, Balbal, Haf1Z3li and Yapincak were found tobe moretolerant than the other cultivars. 
The characteristics of the cultivars in relation to their drought tolerance and stomatal densities were 
discussed. 
K e y wo r d s: stoma,leaf, transpiration, water, drought, resistance, variety ofvine, Turkey. 
Introduction 
The vineyards ofAnatolia are spread over the dry regions in which the summerrainfall is often 
insufficient. Forthis reason vine growers make use ofthe spring and winterrainfall and give more 
importance to special cultivation practices. Today more than 1000 grape cultivars (possibly some 
ofthem are synonymous) are grown in Turkey. These cultivars aredifferent from each other with 
respect to their qualitative and physiological characteristics. In the adaptation to different 
ecological conditions (e. g. drought) both rootstocks' and cultivars' own characteristics are 
important factors to postpone dehydration. Deep root system, thick cutin, and good stomatal 
control of transpiration as weil as the capacity of protoplasm to endure desiccation are the main 
factors in drought tolerance (KRAMERand KozwwsKI 1979). 
Root system development is dependent on the rootstock variety. Morphological features of 
the leaves arealso important in this respect. According to KtssELEW (cited in LEVITT 1980), the 
small-Ieaf forms of Scorzonera survive a greater lass of water then the broad-Ieaf forms. RuNYON 
(cited in KRAMERand KozLowsKI1979) found that the leaves ofcreosote bush produced during 
moist weather are !arge and easily il\iured by water deficit, but the leaves produced during dry 
weather can be dried to a saturation deficit of SO%. Desiccation tolerance ofthe leaves also shows a 
great variance between species. ÜPPENHEIMER ( cited in KRAMER and KozLowsKI 1979) reported 
that the leaves of almond could be dried to a Saturation deficit of 70% and olive to 60% before 
injury occurred, but fig dried to only 25 %. 
The volume/surface ratio ofthe cells of drought tolerant plants is Iow. luiN (cited in LH1TT 
1980) concluded that this ratio is 1-2 in xerophyllic mosses; near 20 in sensitive cells; S-1 0 in cells of 
intermediate tolerance. MERIEex et a/. (cited in LE\1TT 1980) found that Vitis vinifera plants 
grown with low maisture have smaller cells and are more drought tolerant. 
High osmotic pressure has also been regarded as an important adaptation to water stress 
(KRAMER and KozwwsKI 1979). 
The size and frequency of stomata have an importance in the physiology of the plants. The 
relations between stomatal size and frequency and transpiration rate are still uncertain (V ARDAR 
1972). However, plants native to arid regions and regions with lang summer droughts have heavily 
cutinized leaves and very Iow transpiration rates after the stomata have closed (KRAMER and 
KozLowsKI 1979). Stomatal frequency ofthe drought resistant xerophyte plants is generallyhigh 
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Table 1: Stomatal frequency ofvarious grape cultivars 
Cultivars llumber / mm2 
Kozak Beyazl. 201 ;t 2.3 
S:iyah Razakl. 205 ± 25 
Qavu§ 187 ;t 16 
Amasya 197 :t s 
Uü§k.U1e l4D .. 9 
Alphonse1 ) 179 :t 9 
Hafl.Zali 192 ;t 10 
Sultani Qek!rdeksiz 251 ;t 9 
Tarsus Beyazl. 15.3 ;t 9 
Iapmcak 192 :t 19 
Balbal l29 ± 1S 
Erenköy BeyaZl. 151 :1: 5 
Pembe Gemre 254 :1: 10 
Öküzgözü 159 :t 1S 
:iskender:i.ye f1isketi 18/+ :t 24 
Buca Razalusl. 200 :t 19 
-----------------------------------1) To be considered on.lv" in the calculation 
of the correlation coefficients 
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('I ARDAR 1972). In addition, some variances have occurred in the structure ofstomata ofthe plants 
grown und er different ecological conditions (MEIDNER and MANSFIELD 1968). 
According to SMART (cited in WEAVER 1976), Stomata closed at a leaf water potential of 
·13 bars in vines. In some vine cvs at pre·dawn water potentials down to -8 bars, assimilation and 
especially transpiration were reduced (DüRING and KLINGENMEYER 1987). However, stomatal 
control oftranspiration rate varies among the species (KRAMER and KozwwsKJ 1979). JoHNs and 
LAZENBY ( cited in LEviTT 1980) stated that stomatal control of senescing Ieaves may be inelfective 
leading to their death, whereas young leaves are uninjured. Cv. Riesling, considered drought 
tolerant, has low Stomatal conductance resulting in high water use efficiency (ratio C02 
uptake!Hp loss) and low hydraulic conductance (DüruNG 1988). 
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The stomatal frequencies of some grape species, hybrids and cultivars have long been studied 
(DüRING 1980; SciEKZA and BosELLI 1981; DCzENLI and ERGE:-;oow 1988). Many factors can 
affect the frequency and/or size ofstomata such as nutritional conditions (BALo et al. 1986), K 
fertilization (BosELLI and SctENZA 1983), N fertilization (RüHL and lMGRABE:S 1985), fungicide 
applications (SEKERA 1983), vine vigor, leafposition (FoRLA'l\1 et al. 1983), leaf maturity (DORI:so 
1980), shading (KRAMER and KozLowsKI 1979), rootstocks and training systems (DCzENLI and 
ERGENOGLU 1988). 
In this study Stomata size, density and drought tolerance of some Turkish grape cultivars were 
determined and discussed. 
Materialsand methods 
The follov:ing cultivars were used: Kozak Beyazi, Siyah Razaki, Cavus, Amasya, Müsküle, 
Hafizali, Sultani Cekirdeksiz (Sultanina), Tarsus Beyazi, Yapincak, Balbal, Erenköy Beyazi, 
Pembe Gemre, Ökl.izgözü, Iskenderiye Misketi (Muscat d'A.lexandrie) and Buca Razakisi. The 
cultivars were 20 years old and trained to Guyot and Cordon systems. All vines were grafted on 
Kober 5 BB rootstock. 
Stomatal counts were made on leaves taken from the 3rd-5 th nodes after the leaves had 
reached full maturity. l'\ail polish, diluted in some degrees with acetone, was spread on the rnid 
portion of upper and lower surface of the leaves and later removed. These moulds were used for 
countings and measuremems. In total, 135 microscopic view fields were considered in the 
coumings. Stomata length and width were measured on 30 randomly selected stomata. 
Drought tolerance of the cultivars was determined on plants obtained from rooted cuttings. 
Forthis purpose, cuttings ofthe cultivars were collectedjust before spring, prepared \1.1th one bud 
and set in boxes containing perlite, then placed in the greenhouse. Temperature was held between 
25 and 28 oc. Cuttings leafed out and rooted in this emironment and were watered and fertilized 
with HoAGLAND nutrient solution (HoAGLA:KD and ARNO:>: 1950). After the shoots had 4-5leaves, 
watering was imerrupted and the young plants were exposed to water stress. Plants did not receive 
water during a period of27 d. At the end oftbis period, plants were rewatered. The cultivars were 
then evaluated for injury from water deficit. Wilting of the leaves was recorded since it could be 
used for indirect estimates of the water status (KRAMER and KozwwsKr 1979) and drought 
tolerance of the vine cvs (DORING 1988). In addition, yellowing of the leaves and the plants 
completely injured from water deficit was also recorded. In total, 30 plants (3 x 1 0) of each cultivar 
were used in the experunent. 
Results 
Stomatal density and size of stomata 
No stomata were observed on the upper surface ofthe leaves. However, stomatal frequency 
on the lower surface ofthe leaves revealed great variance among the cultivars (Table 1). Minimum 
and maximum stomatat frequencies (number/mm2) were determined in Balbal (129 :t: 18). and 
Pembe Gemre (254 :t 1 0) cvs. The frequencies of other cultivars were between these two values. 
Mean stoma length and width of the cultivars are shown in-Table 2. Some differences also 
existed among the cultivars in this respect. Mean stoma length ranged from 22.6 :± 2.6 to 28.3 
:t 4.3 p.m, and mean stoma width from 13.6 :± 2.2 to 18.6 :t 3.2 p.m. Müsküle and Erenköy Beyazi 
cvs have maximum and minimum values ofboth stoma length and width, respectively. 
When taking imo account the cultivars together, the correlation coefficients between the 
Stomatal frequency and stoma length and width were found to be non-signiftcant (r- 0.100 and 
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Table 2: Mean stoma length and width of various grape cultivars 
Cultivars Stojlmlength ( ) Stoma width (jJm) 
Kozak BeyaZ1 26.0 ± 3.5 18.4 ± 3·4 
S:i;yah Razak1 27.2 ± / ... 7 17.9 ± ).0 
<;avu~ 25~ 7 :t ).6 17.6 ± 2.6 
Amasya 21.,.1 ± J-4 17.2 :t: 2.) 
Mü~kül.e 29.3 ± 4-J 18.6 ± 3.2 
llphonse ':1.) 21,.6:!: j.J 1!!.4 ± 2.6 
Haf1Zal.i 21,.4 ± ).6 16:4 ± 1.6 
Sultan <;ekirdeksiz 21,.4 .t ).2 17.2 ± 2.0 
Tarsus Beyaz1 24· 5 ± 3.1. 15.5:!: J.l 
Yapmcak 27.1 :!: 1.,.1 15.1 .t 4-4 
Balbal 2).0 :!: J.J 16.1 ± 2.4 
Erenköy Beyaz1 22.6 :!: 2.6 1)~6 t 2.2 
Pembe Gemre 21,.2 ± ).1 16.) :!: 1.8 
Öküzgözü 2).8 t ).0 16.6:!: J.l 
!skender:i;ye Hisketi 25.0 :!: .3o 8 17.4:!: J.J 
Buca Razalus1 26.6 :!: 4-2 16.4 ;!: 2.6 
1) To be considered on:cy- in the calculation of the correlation coeffir.ients 
r = 0.184, respectively). However, the correlation coefficient between stoma length and width was 
relatively high, though not significant (r = 0.493). 
Drought tolerance of the cultivars 
The percentages of completely injured plants at the end of the 2 7 d water stress period are 
shown in Table 3. The cultivars which suffered the most from water deficit were Cavus, Tarsus 
Beyazi and Amasya. Balbal, Hafizali, Yapincak and Erenköy Beyazi suffered much less injury than 
the other cultivars. After rewatering, injury in some ofthe cultivars continued rapidly. For example, 
totallass in Erenköy Beyazi increased from 16.6% to 86.6 %. On the other hand, this increase in 
Yapincak was only 10 %in the last 7 d ofthe test period (Table 3). 
Injury from water deficit began early and increased rapidly in some of the cultivars (e. g. 
Amasya, Tarsus Beyazi and Cavus). Seme ofthe cultivars could talerate drought until a certain 
time and then collapsed rapidly (e. g. Iskenderiye Misketi, Erenköy Beyazi and Buca Razakisi). 
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Table 3: Percentages of the completely ilijured plants 
Comp1ete~ Injured P1ants (%) 
Cu1tivars .lit the end of 
27 clq;'s of 
Kozak BeyaZJ. 
S;iJrah Razalu 
(favu~ 
Arnasya 
Hü§küle 
Hafl.zali 
Sultani (fekirdeksiz 
Tarsus Beyazl. 
Yapmcak 
Balbal 
Erenköy BeyaZl. 
Pembe Gemre 
ÖküzgözU 
Iskender~-e l-Hsketi 
Buca Ra zakJ.sl. 
unirotc~ oer.i,od 
)OoO 
96.6 
100 
36.6 
13.3 
76.o 
100 
16.6 
10.0 
16.6 
33o3 
23o3 
40.0 
33-3 
(No data obtained) 
At the end of 
7 dl:\YS after 
rewatering point_ 
56.6 
100 
100 
66.6 
53-3 
93.3 
100 
26.6 
43·3 
86.6 
66.6 
66.6 
83.3 
70.0 
Commencement of the injury was late and the totalloss was low in Baibai and Yapincak (Fig.). 
Siyah Razaki, Pembe Gemre, Hafizali, Öküzgözü and Müsküle were between the two extremes 
and showe<l medium degree ofinjury. 
Injury due to water deflcit appeared flrst as yellowing and wilting of the leaves and was 
followed by death ofthe shoots. However, yellowing ofthe leaves was much less distinct in Cavus 
and Tarsus Beyazi cvs than in the other ones. Drooping leaves were the flrst sign in Cavus, at the 
beginning ofinjury. 
Discussion 
There are few studies on the stomatal frequency of Turkish grape cultivars. Stomata were 
found only on the lower surface ofthe leaves. This was also observed by DüRING (1980) in some 
Vilis spp. and cvs. So the cultivars studied were shown tobe hypostomatal. 
Stomatal frequency ofthe cultivars varied from 129 ± 18 to 254 ± 10, which was generally 
between the values found by other researchers in some Viris spp. and cvs (DüRING 1980; DüzENLI 
and ERGENOGLü 1988). The stomatal frequency of Sultani Cekirdeksiz found by DüzENLJ and 
ERGENOGW (1988) is very close to our result. But the value found by the same researchers for 
Tarsus Beyazi (227-233) is different from our flnding. This variance can be attributed to 
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environmental and other factors (BosELLI and SciEN"ZA 1983; FoRLANI et al. 1983; ROHLand 
IMoR. ... BEN 1985; BALO et al. 1986; DüzENLI and ERGENOGLt: 1988). 
Stomata length and width of the cultivars were found to be different. In general, stomata 
lengths determined in this study, at least in some cultivars, were close to the value given for 
V. vinifora (29.7 p.m) by KRAMERand KozLowsKJ (1979). However, thesize ofstomatacan also be 
changed by K (BosELLI and SCIENZA 1983), fungidice applications (SEKERA 1983), and possibly 
other factors. 
The correlation between the size of stomata ( as length and width) and the frequency was not 
significant. A negative correlation between both characters has been observed in some plant 
species (KRAMER and KozLowsKr 1979). The correlation between the length and width of stomata 
wasfairlyhigh (r= 0.493). 
There were imponant differences among the cultivars v.1th respect to their tolerance to water 
deftcit. The following relative order ofthe cultivars could be given: Cavus, Amasya, Tarsus Beyazi 
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and Sultani Cekirdeksiz are least tolerant; Yapincak and Baibai are most tolerant, and other 
cultivars range between the two extremes. But these moderately tolerant cultivars have also shown 
different degrees oftolerance. 
The relations between Stomata frequency and drought tolerance are uncertain. For example, 
Tarsus Beyazi and Sultani Cekirdeksiz, which are considered tobe sensitive cultivars, have 153:9 
and 251 : 9 stomatalmrn2 of area, respectively. The same pauem is also true for the tolerant cvs 
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Fig. ( continued). 
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Baibai and Yapincak which have 129 :r 18 and 192 :r 19 stomata/mm2, respectively. The relations 
between stomata size and tolerance arealso uncertain. Other characteristics ofthe leaves (e. g. size, 
ftrmness, hair density) may play a roJe in this respect. As a matter of fact, mature leaves of the 
sensitive cultivars (Ca\Us, Amasya and Sultani Cekirdeksiz) are !arge and soft in structure. On the 
other hand, Baibai and Yapincak also have relatively !arge and fairly soft leaves. The lower surface 
ofthe leaves ofCavus and Tarsus Beyazi is densely covered with hair. 
For the reasons mentioned above, it is difficult to state that there is a close relationship 
between the leafmorphology and drought tolerance ofthe cultivars investigated. Stomatal closure 
at certain water potentials can be useful to deterrnine the drought tolerance (I<RAMER and 
KozwwsKJ 1979). Stomatal conductance and water use efficiency can also be helpful to 
understand the differences among cultivars (DüRil'."G 1988). In addition, field studies are needed in 
this respect. 
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